The purpose of this study was to determine the incidence of vitreous incarceration in sclerotomy after cannula removal during 23-gauge vitrectomy. Methods: Thirty-seven eyes underwent 23-gauge sutureless vitrectomy. Oblique sclerotomies were made parallel to the limbus and tangentially to the sclera. Once past the trocar sleeve, the angle was changed to 90 degrees perpendicular to the surface and the trocar and cannula inserted. Vitreous gel was removed until the intraocular edge of the infusion cannula was free from the gel. The cannula was extracted with insertion of a light probe. The sclerotomy site was evaluated endoscopically through another cannula in 32 eyes; in five eyes, another infusion tube was inserted into the cannula to maintain intraocular pressure, the original infusion was removed, and the sclerotomy site observed. Results: No vitreous incarceration occurred in 30 (94%) eyes when one cannula was removed with insertion of a light probe, and minimal incarceration occurred in two (6%) eyes. No incarceration occurred in five eyes with observation of the infusion site.
Introduction
Sutureless self-sealing sclerotomies created during 23-gauge or 25-gauge vitrectomy have increased in popularity since their introduction [1] [2] [3] and are considered safe in patients with various vitreoretinal pathologies. [4] [5] [6] [7] It has been speculated that a trocar and cannula inserted into a sclerotomy site, which is generally done during microincision vitrectomies, reduces stress on the sclerotomy site. 8, 9 Parameters [10] [11] [12] have been identified relating to the sclerotomy architecture and the surgery that affect the integrity of the sclerotomy closure, such as vitreous incarceration, which may function as an incisional plug, favoring postoperative sclerotomy closure; 13 however, vitreous incarceration has also been associated with postoperative complications, such as peripheral retinal tears as a result of postoperative vitreous contraction, acute endophthalmitis due to the presence of an incisional vitreous wick that may facilitate entry of bacteria into the vitreous cavity, [14] [15] [16] [17] and fibrovascular proliferation, which is considered a major risk factor for recurrent vitreous hemorrhage in patients with diabetes. 18 Some investigators [19] [20] [21] [22] [23] [24] prefer creation of oblique sclerotomy incisions rather than straight incisions to prevent leakage through the sutureless wounds. Recent studies [24] [25] [26] have reported the potential importance of wound construction in sutureless vitrectomy. 
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In addition, inserting a solid instrument through the cannula during its extraction may reduce vitreous entrapment 13, 27 as well as peripheral retinal tears and acute endophthalmitis.
Although it has not been a long time since microincision sutureless vitrectomy became popular, knowledge about the procedure has increased and the instrumentation has evolved to reduce complications. Thus, we speculated that the incidence of vitreous incarceration may decrease after microincision sutureless vitrectomy with creation of oblique sclerotomy incisions. We evaluated the incidence of vitreous incarceration at the sclerotomy site after removal of the cannula by inserting a solid instrument through the cannula using the endoscope 20, 28 at the end of surgery.
Patients and methods
The study protocol was approved by the Institutional Review Board for Human Subjects Research at Ohtsuka Eye Hospital, and adhered to the tenets of the Declaration of Helsinki. Thirty-seven consecutive eyes from 32 patients (13 men, 19 women) of mean age 66 (range 52-78) years underwent 23-gauge sutureless vitrectomy to treat preretinal membrane. There were no exclusion criteria. All patients underwent phacoemulsification and a surgical procedure under local anesthesia. Phacoemulsification was performed before vitrectomy in all cases. A 23-gauge vitrectomy was performed using a Grieshaber trocar cannula set (Alcon Laboratories Inc., Fort Worth, TX, USA) including a trocar and metal cannula, which differed from the previous generation that included a polymer cannula, and an Accurus 400 VS vitreous machine (Alcon Laboratories Inc.,) under peribulbar anesthesia in all cases. The conjunctiva and Tenon's capsule were displaced anteriorly away from the intended sclerotomy site using forceps to avoid direct communication between the entry sites. All incisions were created obliquely 3.5-4.0 mm posterior to the limbus. The eyes were penetrated tangential to the limbus (approximately 30 degrees) with a so-called one-step procedure. Once past the trocar sleeve, the angle was changed to 90 degrees perpendicular to the surface, and the trocar and cannula were inserted into the eye. The infusion cannula was placed in the inferotemporal quadrant, and two other cannulas were placed in the superotemporal and superonasal areas.
Triamcinolone acetonide 10 mg/mL (MaQaid ® ; Wakamoto Co, Ltd, Tokyo, Japan) was injected intravitreally to improve the visibility of the vitreous gel (Figure 1 ), which was removed until the intraocular edge of the infusion cannula was free from vitreous gel (Figure 2 ). At the end of surgery in 32 eyes, one cannula used for insertion of the vitreous cutter or light probe was removed slowly by insertion of a light probe following the angled path over the light probe to prevent vitreous from following the cannula up the wound and producing a vitreous wick. The light probe was then removed slowly and the sclerotomy site was massaged gently 
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Vitreous entrapment in 23-gauge vitrectomy with a cotton swab and inspected for leakage. The intraocular sclerotomy site was observed for vitreous incarceration using a 23-gauge endoscope (Solid Fiber catheter AS-61; FiberTech Co, Ltd, Tokyo, Japan) inserted through the other cannula. If the cannula used for insertion of the vitreous cutter was removed, its sclerotomy site was observed using the endoscope inserted through the cannula used for insertion of the light probe. Sclerotomies used for insertion of the vitreous cutter or light probe were observed in 16 eyes. In a further five eyes, at the end of surgery, another infusion tube was inserted into the cannula after the light or cutter probe was removed; the original infusion tube and cannula placed inferotemporally were then removed and the sclerotomy site was observed using the endoscope inserted through the other cannula. When removing the cannula, the irrigation fluid from the infusion cannula was stopped in all cases. One surgeon (TH) performed all procedures. Fluid-air or fluid-gas exchange was not performed in any of the eyes.
Results
Intraoperative endoscopic observation provided an image around the pars plana and the pars plicata without scleral indentation (Figure 3) . It was easy to observe the cannula and site of intravitreal cannula insertion intraoperatively (Figure 2) .
During observation of the sclerotomy site after one cannula was removed with insertion of a light probe in 32 eyes, no vitreous gel incarceration was seen in 30 (94%) eyes. Minimal vitreous strands were incarcerated in two (6%) eyes (endoscopic images were not presented due to their low quality); in these eyes, the strands were observed at the sclerotomy site through which the light probe was inserted, and in the other eye at the sclerotomy site through which the vitreous cutter was inserted. Figure 4 shows a small round area of depigmentation at the pars plana, indicating no vitreous incarceration in the sclerotomy site. During observation of the sclerotomy site after the infusion cannula was removed, no vitreous incarceration was seen in five eyes. The mean (± standard deviation) surgical time was 28±4 minutes.
Basically, the frequency of exchange of instruments inserted into the cannula during the surgery was kept at a minimum. Thus, injection of triamcinolone acetonide, insertion of forceps for membrane peeling, and insertion of endoscope were opportunities to exchange instruments inserted into the cannula during the surgery.
Discussion
Our intraoperative observations show the incidence of vitreous incarceration at the oblique sclerotomy site after removal of a cannula with insertion of a light probe. Although it was difficult to determine if our 6% incidence of vitreous incarceration was low, this rate is similar to that reported in 2010 by Chen et al, 29 who studied 35 eyes undergoing a 23-gauge procedure combined with 25-gauge infusion vitrectomy; two (5.7%) of their eyes had minimal vitreous incarceration at scleral sites evaluated by anterior segment optical coherence tomography. More recent studies 13,27 using a porcine model in which a light pipe was inserted into the cannula during its removal reported a significant reduction in the amount of postoperative vitreous incarceration compared with sclerotomies in which cannulas were removed with a plug inserted. A number of studies have 
480
Hikichi et al emphasized the importance of creating oblique incisions rather than straight incisions [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] [30] and reported that angled incisions were grossly and histopathologically superior, and the same findings were seen on anterior segment optical coherence tomography or ultrasound biomicroscopy images. Teixeira et al 24 found no vitreous incarceration in sclerotomy sites that were created obliquely.
Reported incidence rates for vitreous incarceration at the sclerotomy site of microincision sutureless vitrectomy are variable.
11,13,24,28-33 Using ultrasound biomicroscopy, Gutfleisch et al 30 reported that the incidence of vitreous incarceration decreased from 40% to 20% at the sclerotomy sites using a 23-gauge two-step system compared with a sclerotomy site using a 23-gauge one-step system; in their study, the cannulas were simply removed. López-Guajardo et al, 11 who performed ultrasound biomicroscopy to evaluate 25-gauge sclerotomies, reported vitreous incarceration in 72% of cases. Using endoscopy, Nagpal et al 28 found more vitreous clogging in the inner lip of the sclerotomies in transconjunctival sutureless vitrectomies than in conventional 20-gauge vitrectomies. In a study of sclerotomy sites in rabbits, 32 vitreous incarceration occurred in 59.4% of cases. Inoue et al 33 found vitreous strands incarcerated at the sclerotomy site in porcine eyes by Miyake-Apple view and in human eyes using endoscopy. These inconsistencies in incidence rates for vitreous incarceration may be due to the different surgical techniques used and the differences between human eyes and experimental models. To reduce vitreous incarceration in sclerotomies, we shaved the vitreous gel around the cannulas and inserted a light probe into the cannulas when removing them. The structure of the sclerotomy is also associated with the incidence of vitreous incarceration. We tried to create longer oblique scleral incisions and reduce the incisional damage during surgery to ensure good self-sealing. The method of evaluating vitreous incarceration at the sclerotomy site is also associated with a difference in incidence. 31 When performing vitrectomy, the vitreous cutter ordinarily rotates more around the sclerotomy and reaches more extreme positions intraocularly compared with the light probe. This increase in manipulation induces wider dilatation of the sclerotomy and secondarily affects vitreous incarceration at the sclerotomy sites. However, in the current study, different degrees of manipulation of the sclerotomy sites inserted between the vitreous cutter and the light probe, depending on their function, did not seem to affect vitreous incarceration, and this has also been confirmed in an experimental model. 34 The current study had some potential limitations. First, the number of patients was small. However, given that observing sclerotomies after removal of the cannula cannot be performed routinely, increasing the number of patients would be difficult. Second, the endoscopic observation used in the current study requires maintained infusion and another cannula for insertion of the endoscope. Preservation of irrigation from the infusion is necessary to avoid decreased intraocular pressure during observation. Although endoscopy can be used to observe the sclerotomy site intraoperatively, only one sclerotomy site where a cannula is removed first among the three cannulas can be observed during three-port vitrectomy. Thus, a sclerotomy site in which the infusion cannula is the last of the three cannulas to be removed cannot be observed as in animal models. 10, 13, 19, 20, 27, 31, 34 The incidence of vitreous incarceration at the sclerotomy site was 6% in the current study. Considering previous studies, 11,13,19-24,26-33 the incidence of incarceration at the sclerotomy site may be decreased as a result of increased knowledge and evolving instrumentation, which in turn will reduce complications such as endophthalmitis and rhegmatogenous retinal detachment.
